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‘ “of mater1a1s reut111zat1oﬁ (recycTing)

.
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1. Introduction . = =~ .. -, L

An'eng1neer should be concerned with the éconbmdc application of

sc1ent1f1c prtncip&es'in the creation of goods and 1n the’de11very of

/
"/erydtesg In no case is the engineer s expertise more needed than 1n

Y L]

_the problems related. to the ut111zat1on of the m1nera] and energy resources

'ava11ab1e 1n the world A] though 1t has. been argued that m1nera1 resources

are not at a crisis stage(]) (Figure 19 another viewpoint }ndicates the

s @

s1tu&t10n is gr1m(§) (Figure 2). Tpat bleak dutlook is espec1a11y fore-

bod1ng for the United States w1th jts we]l Knownh capac1€y for mineral and
. energy- eonsumption (3) As-the oil embargo of’ late 1973 has shown, the

Iessen1ng-of resource awailab111ty Jcan causé serious economic dislocation

. ~in"a country'like the United States. “This. papér 1s not a discourse on
thé economy nor on mfhefh] and energy resources per se. Rather our aim

¢ to emphasize the role that. eng1neer1ng education can pfay in the area

Y . ’

There are, no doubt many avenues by which engineering students can .<L%

°be 1nvolved in recyc11ng Ore popular approach has been to conduct

. seminar type courses utilizing the case study approach. ( ) Another

method that has been used successful]y is? that of ;&team study(5 6,7,8)

b .
pn a spec1f1c topfc. . ' . NI
Considaqgng the entire network of materials supply and demand as-
set forth by Swan(g) (Figure 3) many of the team stud1es have dealt with

the possibilities and proBTems of feedback from the component or materials
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f5.7) containers, “automobile tires, 6] whole auto-

system, e.g., g]ass

mobi]es.(a) It is recognized-that_the industries involved in the earltier c

stages of the supply-demand framework have generally been seeking high

process yields. In that regard recycling or rec]amation of valuable

materials from process wastes'is weli established on an“industrial scale,

e.g., the recovery of metallic value from meta]]urgica] s]ags “The *
seminar type courses are not as easy to characterize but they” can readily
inc]ude studies of al] portions of the supp]y-demand framework

A seminar type course dea]ing with recyc]ing has been given since

. 1971 in the Metallurgical and Minera] Engineering (M&ME) Department.at
AN

the University of wisconsin:Madison.' That course has’, had the fol]owing

‘format: ! )

> .
. 1

(1), one two - hour meeting per week for fifteen-weeks; )

Y

&

-

(2) 1lecture and discussion by various faculty and outsidg- experts, .

(3) student presentations of research papers on recyc]ing tppics
y,

A 1ist of the topics which have béen the subjects of the sfudent

_ o ' ,
o

The course was ‘open to anyﬂqualified student, with the consent of

presentations is given in Tab]e I

the instructor, and actua] enro]]ment included some non-M8ME' students.

Yt L,
»

II. Principles of Recycling ' .

N4 . .
- [ .o . -

— :
A. Subject Areas

. An—examination of the research papers ‘by the seminar students in

that course as well as an eva]uation of some of the team studies in

.recyc]ing at other school® has led tofth:/yecognition of a core of subJect'

E 4
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matter which permeates the recyciing concept: We have identified those

y v

subjects and note them in Table II. The 1mportance of those subjects to
J

y any educational scheme aimed at recyc11ng 1s that they brov1de a back—

ground that transcends the ‘entire resources supp]y-demand network It
ts such a background that we feel is essential to effect1ve recycling
education, The ‘reason being that recyc]ing schemés, methods or processes

which are developed out of the context of the entire supply-demand network

‘may not be truly effective. ' ‘ o

_ Some examples of "good ideas" for hecyc]jng that become less attractive
with a more thorough study are noted in the following paragraphs. It can

be seen from those examp]es that a more extensive understanding of the

processes and materia]s 1nvo1ved was needed to fully recognize the implfi-

L3

catiq s of recyc11ng. h

’ .Our point {s that recycling or reutilization can be taught if a K
broad context {s used as a basis of such an educational program.  This

does not mean that specific skills, e.g,,  process design, or materials

.hand]ing, cannot be qsed to advantage in deve]oping a-Recyc]ing Techno]ogy

Rathér we mean that the 1nterdependence of processes, resodrces and socigl

utility of product or service is significant. So sign1f¥cant, in fact,
. p.
that to consider one.aspect without regard to the others may have -negative

b
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B. Examples ot'Regyc]ing;Oversiﬁhts

~ -

Y

The fbl]gwing.three examples are all citations of technical problems \\\;~_~‘

rétated to recycling schemes in which a'lack of ‘consideration or under- "’

.//’ :

.standing of the entire scheme could have caused 10ng.term.djff1cu1ties.
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l. Dust from the basic oxygen steelmaking furnace (BOF)ecan have a
high iron ox1de content which makes.it potentially suited ‘$0 recycldng

(tn agglomerated form) as a feed for ironmaking blast furnaces In some

PE - P

*-,'Cases, however, 4he scrap ‘fed .to the BOF can contain zing in the.form

of galvanized steel .That %inc can end up in the BOF dust and ﬁf'it enters '

r -

the blast furnace can lead to refractory attack and subsequeht 1rregular-

-+ ‘blast’ furnace operation \Thus, the BOF dust must betreated to remove

o
£y

zinc before being reused in the blast furnacg

2. The recycling of aluminum beverage containers should be conceptually

Simple if a magnetic method 1s used to separate the iron bearing portions
'of the refuse. However, certain containers have decorative coatings with
deleterious elements in them“nhich contaminate the'aluminum melt, Thus,
a further separation'of'aluminum ¢ans by product is necessary if the

contaminating elepent is to be kept out-of the aluminum melts

3. The problems associated with production and rEcycling of tin coated
. SN
containers has resulted in the development of tin-free tin cans. These

containers-have‘coatings of chromium overlayEd_with_a.lacquer. Unfortunately,
there are two questions raised by this mixed container scheme. Firstly,
there. is. the sorting problem of the tin and tin- free cans. Secondly, in
remelting,the chromium coated cans represent a potentially permanent loss

of the,chromium value due to oxidation inte the slag. Thus, @he concern
‘h
for one material tin, creates. a problem with another valuable resource,

chromium, which could be alleviated by a rationalized approach to container

t

use. ) . . .
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C. Role of the Principal Subject Areas-

The-ro%e of the subject areas in Jable II in education for recycling %

o
L]

o

\ can be stated As foldows: . e l ;o MRS

(a) Process Principies (including chemistry, physics, thermodynamics,

statistics, materia]s characterization and behavior and processtng methods)
“This category .includes the engineering and science background that provides
a detailed knowledge o? the processing steps related to a recycling scheme.
It may berdesirable,,for example,.to revise the conventional processes or.'"'
products in the supp]y demand network so that reutilization can be more
easily achieved. Ik the case of e1ectric motors some difficulty occurs '«
in separating copper‘windings from the ferrous materials. If the copper -
is replaced by aluminum (and some motors have that design) then the motor
is a more ‘suitable piece .of ferrous scrap Sincé the a]uminum is readily
.oxidized in the stee] reme]ting furnace. At the same time an understanding
of the related processes and their interdependence must’ be obtained such
"that the important overall view of,the reuse pattern can.be established.
» For,example, it is extremely important that any recycTing scheme include
a detailed energy balance similar “in scope_to an environmental impact :
statement. . Such a balance is currently impTied in the design of -a recycling
'processuby’the do]}lar costs oi operations. However, expression of the

EN

energy units required is a more rational apprOach and one by which comparisons

can be more eaSily made. .o The formu]ation of wide ranging process schemes

v invo]ves all the elements of engineering and science as well as economic

) . o . .
and social considgrations.

. . . 4 . . .
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" (b) Economics: It is quite obvious that the*techniques of any

recycling scheme must be cost effective’ 1n order to compete w1th other
materials sources. In the deve]opment of such schemes a c]ear understand1ng
of economic factors e.g., market potent1a1 of the various forms of the
recycled material, is sometimes difficult to obtain especially if the . ,
recyc]ed product has no established market. The economic factors in °
recycling may be qifficult to-assess for other reasons which 1nvo}ve
‘sdcial costs. For example, it is not easy to quantify the benefits

o associated w;th removing containers from refuse although some”combanies

" have at times artificially estab]ishedfa price for such material as a

matter of social concern.. T

L

(c) Social effects: The pressure by groups of society to develop -

-/

recycling methods has been generally directed at materials contained in
.- .consumer goods.t Industry has always been aware of recycling as an ¢ . ,
alternative source'of materials (and energy) but until the social costs

of raw materials became trans]ateg into real costs‘industry found it

. ' [ .
necessary to. continue to rely on the raw materia]s sources. Those imposed

_—

social costs have deve]oped from severa] concerns. In some cases Amostly

in this country) concerns with the env1ronment, including ]and use and

v

more. recent]y energy use, have made development of new mineral extract1ve
and ref1n1ng capacity increasingly expens1ve The raw materials Supp1y1ng

+

- nations have at the same time, developed a greater cpncern for the1r own

resources as a matter of national policy. That type of social effect has
I 4

also raised the effective attractiveness of reutilization of available

. ;.

materials (along with, of course, the more efficient utilization of raw

" materials).
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Recycling technology can also induce negative social effects. For
- example,Jthe environmental concern with sulfurous emissions from industrial

and fossil fuel power plants have led to more efficient collection of
sulfur containing'materials. Subsequent treatment of those materials
has provided a new source of Su1fur which in turn has caused a reduction
in operation of the conventiona] suifur sources. That, of'course,
contributes to an increase in social cost for the persons underemp]oyed

" in the sulfur industry. _ ’/ : .
‘ ) ( : =

I11. Identifying Appropriate Curricula . N

“If one examines Table II and then asks what sort of curricu]um could
be devised that would provide such background it- becomes apparent that a_
number of s1m11ar curricula a]ready exist. Those ex1st1ng curricula are

> in departments of Meta]]urgica] Ceramic or Chem1ca1 Engineering. As

Table II1 shows by a sampling of departments of Metallurgical Eng1neer1ng,
most of the samp]e provide as a requ1rement or an option the subJect
.
areas we fee] are common to problems in recyc11ng techno1ogy That . '

-
=

tab]e was developed by looking only at catalog statements of dourses and

curricula. In that sense it is inadequate since course’ descr1pt1ons are 7,

usua]iy somewhat vague However, it ds genera]iy the case that those
. departments which offer a fu]] range of courses provide the desired

bapkground Some departments, even of Metallurgical Eng1neer1ng, do not

. 'qéovide a suitable background in Chemical Metallurgy, €. g ,- column D in

4 .
, , )

- g Table III. Othér schools provide a heavy dose of not only chemical

(extractive) metallurgy but also minerals and materials processing--
. 'fi’r: 3 "

.




fields of study.comp]ementing each end of the chemical metallurgy spectrum.
Departments of Ceramic Engineering are also mostly oriented towards
teaching the principles common to the ent1re spectrum of ceramics from
geological origin to ceram1c (or glass) consumerwproduct In the case

of Chemical Engineering departments the ‘chief strengths are 1n process
analysis and design with a d1sadvantage perhaps being the lack of mater1als
characterizat1on and behavior. The renw1n1ng d1scuss1on will focus on- .

meta]]urgical eng1neer1ng with the understanding that those more familiar

with ceramic or chem1ca1 eng1neer1ng curricula could make similar statements.

L

IV. Three Major Problems of ReCyclihg/Raw Materials Utilization

' In order to show how-the‘subjeqt areas we have chosen relate to
recycling we have'identified three technical problems of.recyc}ing which
are also typical probTem areas in’utiiization of raw materials. The
tech“nical problems of .recycling which we have identifigd match very
c]ose1y W1th the training that a student receives in chemical or extract1ve
meta]]urgy and mater1als processing. For either resource utilization,
or reut111zat1on those major problems are: |

(1) Co]]ect1on~-The useful waste product or mineral is dispersed
.either geograph1ca11y or in the’case of some wastes d1spersed in t1me,
i.e., low volumes are generated. For.example, in a g)ven loca11tx tt mays
be unyise to congtruct a permanent faciiity for crushing automobile tires
since after the initial build-up.is processed the actual discard rate |

N . L . » ¢
. 1s too small for regular operations to continue. The samg sort of

problem (actually one of materials handling) can be found \in mineral




deposits, e.g., the native copper dépos1ts of Upper Pap1p§u1a Michigan
can be very rich but on a very 1oca11zed scaTe wh1ch makes processing
'fac1lit1es too expens1ve fo construct or operate.
(2) Conpamination-ﬁThls is rea]]y separate from -the dispersaH

prbb]em'common to lean ores or small waste disposal sites. It is a

matter of the inclusion of residual materia]s‘often at a low_ievel of
concentration which deleteriously affect the processing and/or the ,l
product. In the case of recycled materials a good example is leaded
stee!. The remelting of that material can cause a detérioratien of
refractory life due to attack by 1iquid lead. A&difioha]]y the.meltiqg
sh%p akmosphere can be contaminated with‘ieadebearing eff]uent.. Fina?1xz\

carryover of the lead into the new material may adversely affect properti%s.

There ace numecous analogies in raw material utilization but one that
is especially pertinen; is thc sulfur impurﬁty level in coal. In that
casgﬂthe environmenia]‘regg]atfcns against high sulfur fuels make it°
necessary for electric generatidg plants to attempt to utilize such

sourges of fuel as: natural gas, low sulfur 0il, low sulfur coal such M

e i
as metallurgical coal or the as yet. unmined Western coals. The ramifi- \

~ cations of such requirements ha@e'serious side ef@ccts on: western lands,
our balance of payments, our metallurgical industr?es. The latter
situation, e.g.,lin ter&s of cokgmaking for ferrous proceas mecallurgy

. uses, in turn creates demands for othcr‘raw matecials such as fluorspar,

magnesium, calcium carbide and other materials used §6 control sulfur

levels in ferrous metallurgical products.

.
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In either the recycling of lead-bearing scrap or the use of higher \

sulfur level fossil fuels a narrow approach to problem solving is not

likely to be successful. ‘ 7
(3) Cost--This problem area of recycling and of raw materials
utilization is most simply expressed as: the least\expghs{ve material,
available in suitable quantity, with' the necessary characteristics will
be utilized. Those items constitute an "effective cost" for a given use

of 5 material.

WQen viewed from thifgnd use portion of the supply-demand network
there a}e many alternatives for components, and the materials that such
components are made of, wh%ch will perform a function. In other words,
a given material whether obtained from natural or recycled resources has
ny guaranteed position in function except as its ability to satisfy the

above "effective cost" criteria can be shown to be superior to other

materials. .
V. Summar

Through the methods of special topics courses either as seminars or
group projects, students can become involved in recycling technology.

The teaching of .recycling technology as a quasi-discipline implies
that a set of Erincip]es are underlying in which background instructioﬁ
is required. The question of identifying those principles is ce;tral to
whether such a subject as Recycling Technology can be taught.

Our experience with recycling processes and special top{cs courses

~

in recycling has led us to believe that there are some principles common

throughout recycling technologies. Moreover, we see that those principles

12
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are common to a number of‘engjnqpﬁing disciplines."They are, however,
especially pertirent to a broéd curriculum in ﬁetal]urgy or mgta]]urgicaﬁ
engineéﬁing. InT;haf sense the concepts and prob1eﬁs of mineral (matgr1a1s)
utilization and égptili;étion_(récycling) are apa1ogbus. X

' Our conclusion then.is tha; Recycling Techno]oéy can be taught and, - |
in fg;t, is ‘being taught but.witg an emphasis on the earlier por¥fbns of . '
the'sﬁp;1y-de@énd network. The ébift to greater emphasis on reutilization
sh6u1d not requ%re a‘major transitian period,Jxr the development of .

. ‘
altogether new progrghs,if-the analogies are recognized.

' -

- ’
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Table 1. !
/ . .
. - M&ME 806--Materials Recycling Seminar

Sample of Topics Presented
i A

3E%cyéling the Automobile," presented by an Inst. Environ. Studies graduate
students, considered the various factors which made the junked automobile

an undesirable problem. .

"Recox;Zﬁiof Metals from the Automobile," presented by an MME undergraduate,
discusgbd the recoverable metals and unrecoverable metals in the auto.

. LR N

"Sn and Cu in Recycled Municipal Refuse," presented by an MMEsgraduate
students, considered the source and problems of contaminants in recycling
of metals. .
R " . @

"Disposal of Municipal Rgfuse,"‘presented by a Civil Engineering faculty
member, reviewed the disposal problems--céncentrating on metallics.

3 .

"Madison Refuse Miil," presented by a Civil Engineering faculty member,
“reviewed the city refuse mill and landfill operation and studied the flow .
of metallic materials through tqg§ system, included tour of the mill and
‘landfi11 site. ‘

-

\ -
“Recovery of Metals from Urban Refuse," presented by an MME faculty member,
summarized Bureau of Mines work on incinerated and raw refuse.

~

"Cryogenic Recbvqry of Automobile Tires," presented by a Mechanical
Engineering faculty-member, summarized UW and other approaches to cryogenic
recycling of rubber tires.

“Cryogenic Recovery of Copper Wires," presented by an MME undergraduate,
reviewed his independent study research in the use of cryogenics to strip
insulation from wires and to recover motors, etc.

"Separation of Refuse," presented by an MME undergraduate, reviewed US
Byreau of Mines separation system. oo

. : "Recyc]ihg'Prob]ems of the Automobile,” presented by a Mechanical Engineering
undergraduate, reviewed the physical problems of clean separation of '
materials in the auto. \(

. | '
"Flow Chart of Metals Recycling," presented by an MME faculty member ‘
“reviewed the steps involved in the process of handling secondary met?Ts.

"Scrap Dealer Operations," presented by a‘M11waukee "scrap dealer", ‘
reviewed the nature. and incentives of this industry.

"Secon&ary Aluminum, " presénted by an MME.underdfqduate, reviewed the
production of secondary aluminum ingot and the source of materials considered.




Table I (cont'd.)

“Recycling Aluminum Cans," presented by a representafivevof ALCOA, reviewed
the pros and cons of recycling aluminum cans. ) .

"Re-use of Sand," presented by an MME undergraduate student, reviewed the
pros and cons of reuse of foundry sands. - " ’

nScrap and the Metals Industry," presented by an MME faculty member,
reviewed the use of scrap by the ferrous foundry and steelmaking industries.

"Glass: A Sokid Waste Problem and Its Recycled Uses," presented by an MME /S
undergraduate, reviewed the nature of glass collection, remelting or other
' reuse methods. N

"The Reclamation of Lead from Used Battery Scrap," presenfed by an MME
undergraduate, discussed his independent survey of the lead-acid battery

industry. '

\

.}
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TabTe\ll\\ - )

_ Principal Subjects Common to Recycling Technologies _ 1t

1. Chemistry (including physical chemistry)
2. - Physics (through modern physics) .

’

3. Materials Science (including behavior, characterization and
properties)
¢ 4. Principles of Process Engineering (including transport pheﬁqmena,
unit operations, process analysis, process design) ’ s

5. Thermodynamics (including thermochemistry)
6. Economics (including methods of cost benefit analysis)

'/ 7. Statistics (including sampling methods,‘regres§ion analysis,
experimental design) .

ot
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£ | Table J1f . ,
];‘. N i /
Offerings by Metallurgical Engineering Departments -
s of Principal Subjects Common to Recycling Technologies .
N [~
- @ Co Credits offered by Department '
Py .i Subject A B c* Db - E. F* G
. 1. Chemistry 16 | 10y 2 8 | 12 g | 1| °
2. Physics 7 12 w 12 | s .| 12 "
3. Materials ,  ** 3 8 *x 3 4 3
Science 1 : ' .
" 4. Process 15 | 12 20 | NA. | 10 12 | 10
. Principles ) . ’
5. Thermodynamics 3 3 i 3°.1 3 ok 3
‘ * N <
6. Economics 6 opt. 6 opt.° + 4 3 3
&
7. Statistics . opt. | opt. | opt. | opt.” | opt.. |opt. | opt. »
) ) ‘ N - ‘( "Q >$
Notes: *: Quarter system, others %ressemester system
**: Available in another form, €.g., Materials Science = Physical.
‘ Metallurgy or Thfermodynamics = Process Principles -
S LAl Not‘ Available’
opt.: Available as efle'ctive : .
'\
- ,
° a
. v
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‘Figure 1. Classification of mineral resources being used by -the U.S.

Geologfical Survey in
the Unfited States. (1)
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Figure 3. A Frame of Reference for M
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